Background The French National Health Insurance and the Ministry of Health have introduced multiple reforms in recent years to increase prescribing efficiency. These include guidelines, academic detailing, financial incentives for the prescribing and dispensing of generics drugs as well as a voluntary pay-for-performance programme. However, the quality and efficiency of prescribing could be enhanced potentially if there was better understanding of the dynamics of prescribing behaviour in France. Objective To analyse the patient and general practitioner characteristics that influence patented versus multiplesourced statin prescribing in France.
Methodology Statistical analysis was performed on the statin prescribing habits from 341 general practitioners (GPs) that were included in the IMS-Health Permanent Survey on Medical Prescription in France, which was conducted between 2009 and 2010 and involved 14,360 patients. Patient characteristics included their age and gender as well as five medical profiles that were constructed from the diagnoses obtained during consultations. These were (1) disorders of lipoprotein metabolism, (2) heart disease, (3) diabetes, (4) complex profiles and (5) profiles based on other diagnoses. Physician characteristics included their age, gender, solo or group practice, weekly workload and payment scheme. Results Patient age had a statistically significant impact on statin prescribing for patients in profile 1 (disorders of lipoprotein metabolism) and profile 3 (complex profiles) with a greater number of patented statins being prescribed for the youngest patients. For instance, patients older than 76 years with a complex profile were prescribed fewer patented statins than patients aged 68-76 years old with the same medical profile (coefficient: -0.225; p = 0.0008). By contrast, regardless of the patient's age, the medical profile did not affect the probability of prescribing a patented statin except in young patients with heart diseases who were prescribed a greater number of patented statins (coefficient: 0.3992; p = 0.0007). Prescribing was also statistically influenced by physician features, e.g., older male physicians were more likely to prescribe patented statins (coefficient: 0.245; p = 0.0417) and GPs practicing in groups were more likely to prescribe multiple sourced statins (coefficient: -0.178; p = 0.0338), which is an important finding of the study. GPs with a lower workload prescribed a greater number of patented statins. Conclusion There is significant variability in the prescribing of different statins among patient and physician profiles as well as between solo and group practices. Consequently, there are opportunities to target demand-side measures to
Introduction
Physician prescribing habits and what influences these habits have been extensively evaluated. This interest is in part due to a growth in pharmaceutical expenditure among European countries, with the expenditure outstripping other components of ambulatory care in recent years [1] [2] [3] [4] [5] [6] . Unless addressed, this growth will continue and will be driven by well-known factors such as changing demographics, rising patient expectations and the introduction of new, expensive medications [4, 5, 7] . This continued growth in expenditure, as well as its potential consequences on financing comprehensive and equitable healthcare, has resulted in the establishment of multiple supply and demand-side reforms. Supply-side measures for existing drugs include compulsory price cuts as well as initiatives to obtain lower prices for generics, including reference pricing and prescriptive pricing policies [1] [2] [3] [8] [9] [10] [11] [12] [13] . Demand-side measures include guidelines, an enhanced role for Drug and Therapeutics Committees, academic detailing, continuous medical education that includes quality circles and pharmacotherapeutic groups, access to computerised prescribing tools, benchmarking of prescribing habits, prescribing targets, financial incentives for all key stakeholder groups and prescribing restrictions [1] [2] [3] [4] [5] [6] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . Educational outreach visits have consistently provided small improvements in prescribing, with an increase of 15 % in a desired behaviour seen as a realistic expectation [23] [24] [25] .
France is no exception, as the National Health Insurance and Ministry of Health have introduced a range of reforms in recent years [1] . These reforms include measures to enhance the prescribing and dispensing of generics by using a combination of educational initiatives, engineering (quality and efficiency targets) and financial incentives [26] . The measures that have been applied are summarised in Box 1 [1, 4, 5, 27] . The various demand-side measures for generics in France combined with a prescriptive pricing policy for generics, with prices 55 % below the originator and reducing further by 7 % after 18 months, led to annual savings for generics estimated at €1 billion in 2009 and €1.3 billion in 2010 for National Public Health Insurance [27, 28] . academic detailing by providing feedback to ambulatory care physicians on their generic prescribing rates benchmarked against local colleagues -National Health Insurance Agency promoting generics and publishing advertisements on the back of reimbursement forms sent to patients -National Health Insurance representatives visiting pharmacists to enhance substitution rates where they are low compared to their counterparts (since 2004) Engineering activities -National Health Insurance determining annual substitution targets for community pharmacists (generics in place of originators) at the national level as an amendment to the national agreement between community pharmacists and the National Health Insurance Agency -In April 2010, substitution targets for each regional territory in France were introduced in addition to nationally agreed targets to further enhance substitution Economic -Pharmacists guaranteed the same absolute margin for dispensing generic and originator medicines, as well as for potentially negotiating higher prices for dispensing generics to enhance their fees since 2008 -Patients must pay the whole price of a drug themselves if they do not accept generic substitution (since 2009) and subsequently claim the reimbursed cost back from the National Health Insurance. Otherwise, pharmacists cover the National Health Insurance component themselves and claim this back themselves
Voluntary Pay-for-Performance (P4P) pilot schemes were recently introduced in France in 2009 to further improve the quality and efficiency of prescribing [1] . Quality targets include those for vaccinations and drug therapies for chronic diseases, with efficiency targets aimed at increasing the prescribing of generics in a class or related class, including a 70 % prescription target for generic statins [29, 30] . The P4P programme provided €2,800 per GP (about 4 % of the average annual income of GPs) for efficient prescribing [29] . Preliminary analysis of the nationwide pilot P4P programme, which included 40 % of all GPs in France, showed that physicians changed their behaviour towards the recommended prescribing guidelines and targets. As a result, the programme has now been extended to all GPs in France since the end of 2011 [29] .
Despite these measures, there was an increase in the prescribing of patented statins in France even after the availability of generic simvastatin [4, 5] , resulting in patent-protected statins (atorvastatin and rosuvastatin) representing nearly 60 % of statin prescriptions in 2011 despite numerous studies showing therapeutic equivalence for the statins [31] [32] [33] [34] (Fig. 1 ). This increased prescribing of patent-protected statins resulted in higher prescribing costs for this class in France compared to countries with more intensive demand-side measures to enhance the prescribing of multi-sourced statins [4, 5, 35, 36] . Consequently, additional activities may be needed to further enhance prescribing efficiency in France that take into account the heterogeneity among GPs [37] .
Previous studies have shown that younger physicians are more likely to prescribe in accordance with best practice [38] , whilst others have demonstrated that physicians' workloads may influence prescribing habits [39, 40] . Furthermore, it has been shown in France that physicians from sector 2 (those GPs that are allowed to charge higher fees than GPs in sector 1) prescribe fewer drugs and for lower costs than physicians from sector 1 [37] . Additional studies have demonstrated that group practices provide higher quality of preventive care compared to solo practices [41] . However, studies focussing specifically on the impact of organisational structure on prescriptions have been very scarce [42] , and this impact needs to be further evaluated.
Thus, the aim of this study is to determine the extent of variability among GPs in France in prescribing different statins, i.e., multiple-sourced versus patented statins. The underlying hypothesis is that most variability in prescribing patterns could be explained by differences in physician and patient characteristics.
Data and Methodology
We analysed data from the 2009-2010 IMS-Health Permanent Survey on Medical Prescriptions among ambulatory care physicians [43, 44] . This survey provides data on both patient and physician characteristics, which could help explain differences in statin prescribing behaviour. Patient characteristics included age, gender and the diagnosis associated with the visit. Physician characteristics included age, gender, whether they work in a solo or group practice in ambulatory care, weekly physician workload (number of consultations) and fee sector.
Database
The IMS-Health database contains information on pharmaceuticals that are prescribed by physicians in France as well as the diagnoses associated with these prescriptions each time a new prescription is issued. Each quarter, approximately 850 French general practitioners and physicians (cardiologists, dermatologists, gastroenterologists, gynaecologists, neurologists, ophthalmologists, ENT specialists, paediatricians, lung specialists, rheumatologists and endocrinologists) are asked by IMS-Health to complete a questionnaire concerning all of their patients' visits over a period of 7 days. Surgeons, anaesthesiologists, radiologists, homeopathists, acupuncturists are excluded from the sample as well as ambulatory care physicians that do not prescribe drugs in over 25 % of their visits. The physician sample is partially refreshed each quarter [43] with approximately 15 % of the physicians being excluded from the sample and replaced with new physicians.
Prescription data for GPs only were pooled for 2009-2010. Only visits with at least one prescription of a statin were included in the initial sample, which consisted of 19,121 statin prescriptions by 905 GPs (Table 1) . At the time of the study, atorvastatin and rosuvastatin were patent protected in France, whilst simvastatin, fluvastatin and pravastatin were available via multiple sources.
In the initial sample, each GP had on average 6.5 statin prescriptions per week, with a minimum of 1 and a maximum of 34 prescriptions. Because a multilevel model was chosen to analyse the impact of both patient and physician characteristics on subsequent prescriptions, it was believed necessary to fix a minimum level on the number of statin prescriptions per physician. Following established guidance [45] , that a minimum of 20 observations is needed at level one for a multi-level analysis, we selected physicians with at least 20 statin prescriptions in their prescription documentation. Thus, we evaluated 14,360 statin prescriptions provided by 341 GPs (Table 1) .
In our final sample, 81 % of the physicians were men and 19 % women versus 73 % of the physicians being male and 27 % female in the initial sample.
Physicians were divided into four quartiles depending on their age (Table 2) , and physicians' workloads were separated into four parts as well, ranging from lower to higher workloads.
In the database, 327 physicians were from sector 1 where fees are fixed by the national public Health Insurance, whereas only 14 were from sector 2, where physicians are allowed to charge higher fees. Finally, most GPs were either in solo practices (44 %) or in groups with other GPs (32 %) ( Table 2 ).
In total, 53.5 % of patients in the sample were men and 46.5 % were women (Table 3) . Their ages were divided into four equally sized classes in order to test the impact of patient ages on the prescription of patented versus multiple-sourced statins. The underlying hypothesis was that the pattern of statin prescriptions will change with patient age similarly to the results of previously reported studies [46] . In our sample, the average patient age in the database was 67 years.
Even if all patients are prescribed statins, their prescriptions may differ depending on their morbidity and comorbidity corresponding to the recommendations set forth by the French National Authority for Health (Haute Autorité de Santé, HAS) [35] . To test the influence of the diagnoses on prescribing patent-protected statins, we designed a classification system based on five medical profiles (Table 3) • Profile 3: Patients with a diagnosis of dyslipidemia (ICD-10 code E78) associated with heart disease and/or diabetes.
• Profile 4: Patients suffering from diabetes (ICD codes E10 to E14).
• Profile 5: Patients with other diagnoses.
Patients with profile 3 were considered to have a more complex disease than patients with profiles 1, 2 or 4. Consequently, it was expected that prescription patterns would differ depending on patients' diagnostic profiles. 
Method Used to Calculate the Probabilities of a Prescription for Patented Statins
The model used was based on the assumption that p ij represents the probability that a patient is prescribed a patented statin at the ith visit by the jth GP. By using the logistic link function, the general form is:
We used a multi-level model to analyse the variability in prescribing patented statins as this variability could be attributable to both the patient and physician characteristics [47, 48] .
To justify the use of a multi-level model, it was necessary to test the existence of an inter-physician variation of medical practice. This step was performed while estimating a simple null model only with b 0j -the conditional mean of the realisation of the event ''still patent-protected statin prescription''-which could be divided into in a constant term specific to the GP c 00 ð Þ and an inter-physician random effect u 0j À Á plus the individual residual e ij À Á . The estimated variance of the inter-physician random effect (0.548) was significantly different from 0, which justified implementing a multi-level model.
Patient characteristics X k (age, gender, medical profile) and physician characteristics Z h (age, gender, solo versus group practice, and physician's workload) were introduced into the model. c k0 are parameters associated with the patients: they are considered to be fixed and common for all GPs. c kh are parameters associated with the characteristics of the physicians. u kj is an inter-physician random effect.
In intermediate steps of the model, the impacts of both the patient and physician characteristics were estimated separately. The results shown are extracted from the multilevel analysis, combining both patient and physician effects.
The period with data in the database for each GP varied from one to eight quarters, with 50 % of the GPs having data from less than five quarters. This could lead to statistical bias unless the sources of unequal probabilities of stay are fully controlled for in the covariates [49] . Previous research has shown that physicians' participation in surveys is mostly influenced by their workload, the organisation of their practice and their age [50, 51] . However, because these variables were already part of our econometric model, it was not necessary to modify the weight of GPs according to their length of stay in the database.
Finally, in a regression model, the statistical results must be interpreted in relation to a reference situation, which in this case was a young patient with the diagnosis ''disorders of lipoprotein metabolism'' (E78) when consulting a young male GP in a solo practice with a low workload.
Results

Patient Characteristics: Gender, Age and Medical Profile
Female patients were less likely to be prescribed patented statins compared to male patients (coefficient: -0.0972; p = 0.0087) ( Table 4) . Furthermore, patient age had a major impact on the pattern of prescribing, with greater prescribing of patented statins among the youngest patients valid for medical profile 1 (dyslipidemia) and medical profile 3 (combination of profiles 1, 2 and/or 4). Patients aged 68-76 years with a medical profile 1 were prescribed fewer patented statins than patients aged 59-67 years with the same profile (coefficient: -0.252; p = 0.0447), while the latter patients were prescribed fewer patented statins than younger patients with profile 1 (58 years old and under) (coefficient: -0.191; p = 0.0007). Moreover, older patients (over 77 years old) with profile 3 were prescribed fewer patented statins than patients aged 59-67 years (coefficient: -0.422; p B 0.0001). The results for young patients with profile 1 as a reference situation are displayed in Table 4 ; Table 5 provides coefficients and probabilities for the comparisons among profiles and ages other than the chosen reference situation.
By contrast, the medical profile did not significantly affect the probability of prescribing a patented statin except for young patients with heart diseases (profile 2) who were prescribed a greater number of patented statins (coefficient: 0.3992; p \ 0.0007) compared to young patients with dyslipidemia only (profile 1) ( Table 4 ).
Physicians Characteristics
Older male physicians (over 57 years old) were more likely to prescribe patented statins (0.245; p = 0.0417) than younger male physicians (46 years old and under). For the eldest group of physicians, male physicians prescribe a greater number of patented statins than female physicians (coefficient: 0.283; p = 0.018) ( Table 4) .
Whether the medical practice was a solo or group practice also affected the prescribing of patented statins. GPs in group practices prescribed significantly fewer patented statins (coefficient: -0.178; p = 0.0338) compared with solo GPs. Moreover, the lowest physician workload was associated with greater prescribing of patented statins (Table 4 ). The GP sector had no impact on the probability of prescribing patented statins (for GPs in sector 1, fees are fixed by the national public Health Insurance, whereas GPs in sector 2 are allowed to charge higher fees).
Discussion
This study has shown that there is considerable variation among physician types with respect to their prescribing habits, which reflects similar results to those obtained in other studies [33] . Consequently, there is a need to maximise the impact of educational activities to counteract the influence of pharmaceutical companies [52] [53] [54] [55] [56] [57] [58] [59] when resources for outreach visits are scarce.
Comparison with Existing Literature
Regarding patient characteristics, age had a positive effect on the prescribing of multiple-sourced statins for two medical profiles both the simplest and the most complicated. The effect of the patient's age might be explained by a greater fear among prescribers regarding adverse effects from the more recently registered drugs rosuvastatin or atorvastatin. It is well documented that uptake of new drugs varies between different prescribers [60] , suggesting that prescribers apply different prescribing strategies for old and young patients. In addition, physicians may be unwilling to switch treatment among older patients who have been prescribed statins for a long time, and these statins are now available as generics. We believe that the increased prescribing of patented statins, namely, atorvastatin or rosuvastatin, in the presence of heart disease in younger patients could be explained by the higher LDL cholesterol reduction that is achieved with rosuvastatin and atorvastatin compared with other statins [61] , which has been endorsed by the French National Authority of Health (HAS) in their guidelines [35] . On the physician side, older age, solo practice and low activity had a positive impact on the prescription of patented statins. This impact was greater for male than for female physicians. For male physicians, the effect of age is consistent with previous studies [38] , which have shown that physicians who have more recently received their medical education are more likely to adopt best practices. However, we found an opposite effect for older female physicians, who tended to prescribe more multiple-sourced statins. This result underlines the importance of carrying out separate studies for both male and female physicians in France, as well as when directing educational resources and other interventions.
The influence of lower physician workload on the prescribing of patented statins is more difficult to interpret. On Table 5 continued A3P1 Note for the reader the probability that a patient A2P2 [a patient whose age is 2 (59-67 years old) and profile 2 (heart disease)] is being prescribed patented statins is not significantly different from the probability that a patient A2P3 [a patient whose age is 2 (59-67 years old) and profile 3 (complex profile)] is being prescribed patented statins Conversely, the probability between A2P2 and A1P2 is significantly different the one hand, these physicians have more time to see pharmaceutical company representatives than their busier counterparts. Conversely, physicians with low activity are not the main target group for pharmaceutical representatives. However, as discussed, previous research has demonstrated the influence of pharmaceutical company marketing activities, including promotional items, in changing prescribing behaviour, especially as companies have been seen as an important source of prescribing information in the past [52] [53] [54] [55] [56] [57] [58] [59] . As a result, some countries and regions now restrict pharmaceutical company activities and include potential fines for abuse [8, 62] . However, in France, such activities will be more difficult to implement, with 78 % of GPs seeing more than 10 pharmaceutical company representatives monthly [63] . In addition, previous studies demonstrated that French physicians see a greater number of pharmaceutical company representatives than their European counterparts, with one medical sales representative for every nine physicians [64] . This ratio compares with the Netherlands where there was only one medical sales representative per 34 physicians [64] . Despite regulations regarding pharmaceutical company activities in their quality and quantity of information [64] , spending on marketing activities in France is still considerable and was estimated at 3.28 billion euros in 2010, if marketing activities represent at least 12 % of total company turnover. Some studies have shown that group practices are associated with a higher quality of care compared to solo practices [41] , but most studies have focussed on preventive care. We found only one study assessing the impact of the organisational structure on drug prescriptions, but this study showed no substantial differences for the two quality indicators related to the medication management of chronic diseases [42] . Consequently, further research is needed to substantiate our results showing that group practices and participation in hospital activities are associated with greater prescribing of multiple-sourced statins.
Implications for Policy and Practice
This study shows that French physicians still prescribe an appreciable and increasing proportion of patented statins (60 % of all statin prescriptions in 2011) at the expense of equally effective and cheaper multiple-sourced statins. This result is contrary to other European countries that have instigated multiple demand-side measures to improve prescribing efficiency [4] .
Greater prescribing of multiple-sourced statins could be achieved by building on the demand-side measures outlined in Box 1 [1, 4, 5, 27] . Educational outreach visits conducted by Health Insurance Medical Representatives and Practitioners have been in existence since 2004. We believe that the value of our study is that the efficiency of educational outreach visits could be enhanced if visits were focused initially on those physicians who are likely to prescribe a greater proportion of patented statins, i.e., solo GPs, older GPs and GPs with a lower workload.
Combined with greater targeting of academic detailing activities and other demand-side measures, the P4P pilot programme that was extended to all GPs in 2011 should enhance statin prescribing efficiency in the future [29] . If the ambitious target for statins (70 % of all prescriptions being multiple-sourced statins) in the P4P programme had been achieved throughout France, savings for health insurance would have been at least €166 million per annum.
Additional initiatives could include an increase in outof-pocket expenses for patients receiving patented statins or the introduction of prior authorization policies. Such policies cannot currently be applied in France since patient copayments are currently based on the severity of the disease and the efficacy of the drug and not according to generic versus originator or patent products in the class and prior authorisation schemes cannot be applied (article R163.3 of the French Social Security Code). However, they could lead to a substantial decrease in the number of patent-protected statin prescriptions [65, 66] .
Strengths and Limitations
There are limitations to our study. In our final sample, 81 % of physicians were men and 19 % women, while before filtering on a minimal level of statin prescriptions, 73 % of physicians were men and 27 % were women. The sample reduction leads to other statistical differences. In the final sample, the GPs are slightly older, work more often in monodisciplinary group practices and have a higher workload. All differences in the physician variables are statistically significant. Conversely, the sample reduction had no consequences at the patient level because the characteristics of patients do not significantly change before and after filtering on a minimal level of statin prescriptions.
Consequences at the physician level are easily explained by the design of the survey, which is collected for each GP and contains information on all of his/her patient visits over a 7-day period. Thus, the selection of physicians with at least 20 statin prescriptions restricts the sample to older physicians who are more frequently male and have a higher workload. We are aware that this sample is skewed towards male physicians with 73 % of physicians in the initial sample being men and 27 % women. However, these were the characteristics of the physicians who prescribed multiple-sourced statins, in line with our inclusion criteria. Furthermore, this sample reduction proved to have no impact on the results. We tested the multilevel model on samples with at least 15 or 10 statin prescriptions per GP and did not observe any significant changes in the results (electronic supplementary material Tables 1 and 2) .
Limitations of our study include the reliability of the ''patient's medical profile'', because this profile is based on the diagnoses completed by the physician during the consultation. It is likely that participating physicians may not always provide a complete report of the diseases. Moreover, the database used in this study does not allow for tracking the patient over time; consequently, it was not possible to disentangle initial treatments from repeated prescriptions. Furthermore, the database contains limited information to help understand the appropriateness of the prescriptions. For instance, there is no information on LDL cholesterol levels in the patient's medical records. If this information had been available, it might have been possible to determine the rate of rational prescribing and therefore the extent of potential savings from improved prescribing of generic statins. The frequency of visits from pharmaceutical representatives to physicians' offices and the extent of continuous medical education including visits from health insurance institutions are also unknown. In addition, the quality of the collected information depends on the accuracy of the GPs in completing the survey. However despite these limitations, we suggest that profiling physicians is valuable to both health authorities and researchers in order to evaluate the impact of any future demand-side measures, such as academic detailing (educational outreach visits) and their pedagogic design.
Conclusion
Overall, there is a need in France to combine and reinforce several aspects of demand-side initiatives in order to improve both the quality and the efficiency of prescribing drugs. This study shows that statin prescriptions are quite heterogeneous among GPs, with age, group practice and physician workload being factors that influence the prescribing of patented statins. Consequently, demand-side measures, such as academic detailing, need to be targeted to maximise their effectiveness in the absence of sufficient resources available for their implementation. This conclusion resonates with previous research that advocates for multiple interventions to improve the quality and efficiency of prescribing [4, 5, 18, 20, 67, 68] . In the first instance, activities such as improved targeting of educational outreach visits can be aimed at drug classes where both multiple-sourced and patented products exist and are seen as essentially similar in all or nearly all patients. In France, as in other countries, it could be wise to invest in prescriber and expert driven resources for strengthening work with drug recommendations and follow-up of prescribing through Drug and Therapeutics Committees and clinical pharmacological services [69] . Therefore, increasing the prescribing of generic drugs without compromising care would enable considerable savings.
